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Summary and Vonclusions 
In the summer of 1926 certain plots on the Agronomy Farm 
of the Iowa Agricultural Experiment Station were sampled four 
times and studies made on the amount of nitrates, moisture, 
and the reaction of the soils at the time of sampling and the 
nitrifying power of the soils as determined by three methods, 
(a) nitrification of the soils' OW11 nitrogen, (b) nitrification of 
ammonium sulfate and (c) nitrification of ammonium sulfate 
in the presence of calcium carbonate. The reaction of the soils 
was also determined after the 30 days of incubation. The fol-
lowing conclusions seem to be justified from this study : 
1. The amount 011 moisture was not affected by the crop rotations 
used nor by the various soil treatments. Neither did the variations 
in moisture content which occurred in these soils have any appreciable 
effect on the crop yields or on their nitrifying power. 
2. ,The crop rotations on the Carrington loam did not seem to affect 
appreciably the nitrifying power of the soils from plots which were 
left untreated for 12 years nor those which were manured, manured 
and limed, or treated with crop residues and lime. 
3. The application of manure alone did not increase the nitrifying 
power of the Carrington loam. 
4. The soils from the three-year rotation corn plots showed the larg-
est amount of nitrates present at the various times of sampling and 
the highesrt) nitrifying power when this was measured by the nitrifi-
cation of the soils' own nitrogen. 
5. Definite correlations were obtained between the crop yields, the 
nitrifying power and the reaction of the soils after incubation, when 
the nitrifying power of the soil was tested by measuring the nitrifi-
cationl of ammonium sulfate. The reaction of the soils at the time of 
sampling also ·correlated with the nitrifying power of the soils as 
determined by this method. 
6. Perfect correlations were not obtained between the nitrifying 
power of the soils and crop yields' when the test was made by measur-
ing the nitrification of ammonium sulfate in the presence of CaCOa, 
altho the soils all showed a high nitrifying power in all cases where 
the crop yields were high. 
7. The nitrifying power of all of the soils was shown to be greater 
when calcium carbonate was used with the ammonium sulfate in the 
nitrification test. 
8. The soils from plots which had been limed in the field showed 
the highest nitrifying power, and hence there seemed to be a definite 
correlation between the reaction of the soils and their nitrifying 
powers. 
Studies on Nitrification and Its Relation to 
Crop Production on Carrington Loam 
Under Different Treatments 
By LEWIS W. ERDMAN AND HARRY HUMFELD* 
The investigations of a number of soil bacteriologists have in-
dicated that nitrification in soils and their crop producing 
power are rather definitely correlated. Some results have shown. 
that continuous cropping to corn or wheat and the rotation of 
crops exert a marked influence on the nitrifying power of soils 
as well as on their ability to produce crops. Various soil treat-
ments have also been found to affect nitrification and crop pro-
duction in the same direction. 
Recently attention has been given to the effect of the reaction 
of soils, or their hydrogen ion concentration, on their nitrifying 
powers. It has been found that this factor is of special im-
portance when the relation of the nitrifying powers of soils to 
their crop producing power is to be studied. Largely for this 
reason it has been suggested that several methods, rather than 
only one, should be used in measuring the nitrification process 
in soils, in order that a more complet~ picture might be obtained. 
The object. of the work reported in this bulletin was to secure 
experimental data on the effects of continuous cropping to corn, 
a two-year rotation, a three-year rotation, a four-year rotation, 
a five-year rotation and various soil treatments, upon the crop 
yield, the moisture content of the soil and the nitrifying power 
of a typical Carrington loam, when this power is measured (a) 
by the nitrification of the soils' own nitrogen, (b) by the nitri-
fication of ammonium sulfate and (c ) by the nitrification of 
ammonium sulfate in the presence of calcium carbonate. 
HISTORICAL 
No extensive review of the literature bearing on the subject 
of nitrification in soils will be given here as excellent reference 
lists have been compiled by Gainey (8 ) , Stephenson (16), Waks-
man (19), (20) and others. Some of the results of others which 
bear directly on these investigations will be considered, how-
ever, and especial note will be made of work which shows definite 
correlations of nitrification in soils with soil fertility and the 
effects of lime on nitrification, also that which has involved a 
'The authors are indebted to M2ssrs. R. H. Walker and J. M. Fife for aid in se-
curing the data presented and to Dr. P. E. Brown for sugg·estions and advice and for 
aid in preparing the manuscript. 
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study of methods for the measurement of nitrification and the 
nitrifying power of soils. 
Several investigators have presented data which indicate quite 
definitely that the results of nitrification tests may give more or 
less accurate information regarding soil productivity. Keller-
man, Allen, and McBeth (12) as early as 1910 showed that bac-
teriological diagnoses may indicate the crop producing power 
of different soils, and that the activity of certain groups of bac-
teria-especially the nitrifying bacteria in various soils-re-
flects fairly well the productivity of the soils under field con-
ditions. Brown (5), working with field soils, showed that soils 
under a rotation of crops had a greater nitrifying power than 
soils continuously cropped to corn. He also found that a soil 
under a three-year rotation of corn, oats and clover possessed 
a greater nitrifying power than one under a two-year rotation. 
In all cases there was a close correlation between the nitrifying 
power of the soils and the crop yields secured. 
Stevens and Withers (17) found that good soils showed a 
greater nitrifying efficiency that poor soils. Lipman (14) re-
ported that samples of a certain type of soil from different areas 
showed striking differences in nitrifying power and in crop 
yields. He concluded that the nitrifying powers of soils and 
their productive power were directly related. Allen and Bonazzi 
(2) stated that the nitrifying power of a soil mayor may not 
correlate with its crop producing power. They suggested that 
the conditions which limit crop growth in one plot may be dif-
ferent from those in another, and that these conditions mayor 
may not limit nitrification. 'fhey found that continuous crop-
ping, especially without fertilization, reduced the nitrifying 
power of soils. 
Brown (6) drew the tentative conclusion that certain bacterial 
activities in field soils, particularly ammonification and nitrifi-
cation, are very closely associated with crop yields and may in-
dicate quite accurately the relative crop producing power of 
several soils. Gainey (8) concluded that while there is usually 
a correlation between nitrifying power and productivity, this 
,does not imply that the rate of nitrification necessarily de-
termines the crop yield, nor that yields on more fertile soils are 
limited by nitrification, for under more or less normal condi-
tions nitrification is probably not a limiting factor in produc-
tivity. Gainey and Gibbs (9) observed that the ability of the 
microorganisms in a soil to oxidize ammonia nitrogen to nitrate 
nitrogen was materially altered by methods of cropping followed 
on that soil. They found that continuous growing of corn or 
wheat with no addition of manure or chemical fertilizers caused 
the soil to become relatively low in nitrifying power while the 
addition of manure materially increased the nitrifying power. 
A number of investigators have noted the beneficial effects 
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of lime on nitrification. Brown (4) found that lime applied to 
field soils increased the production of nitrates from ammonium 
sulfate. Beckwith, Vass and Robinson (3) studied the ammon-
ifying and nitrifying power of soils which varied in reaction. 
They used ammonium sulfate with and without lime in their 
nitrification studies and obtained differences in nitrifying power 
for the different soils. Lime increased the nitrifying power of 
the acid soils but had very little effect on the alkaline soils. 
Allen and Bonazzi (2) found that very heavy applications of 
ground limestone gave a high nitrifying power to certain soils. 
Fred and Graul (7) studied the influence of various factors 
on nitrate formation in acid soils and concluded that under lab-
oratory conditions the beneficial effect of calcium carbonate on 
plant growth must be accounted for in some other way than be-
cause of its influence on nitrification, as the beneficial effect of 
the lime appeared before the plants were able to draw heavily 
on the nitrates formed in the nitrification process. Noyes and 
Conner (15) found that nitrification in five acid soils was 
markedly increased by the addition of calcium carbonate. 
Stephenson (16) in his studies on nitrification in acid soils 
concluded that, altho large amounts of lime may give greater 
nitrification, only that which is necessary to neutralize the ac-
tive acidity in the soil is essential for adequate nitrification and 
maximum crop production. This author also noted that, while 
lime had scarcely any effect on the nitrification of the original 
soil nitrogen, it caused a marked increase in the nitrification of 
ammonium sulfate. . 
Waksman (19) secured results with ammonium sulfate which 
indicated that the controlling factor in nitrification studies as 
ordinarily carried out was not the biological flora of the soil 
but the initial and final reactions of the soil used in the tests 
as well as the buffer content of the soil. His results indicated. 
however, that there was a definite correlation between the nitri~ 
fying capacity of soils and crop production, especially in the 
case of soils not modified by applications of lime. Liming- stim-
ulated the nitrifying capacity and affected the parallellism be-
tween crop yields anCL the r esults obtained in the laboratory in 
the study of nitrification. He, therefore, concluded that it is 
only when the reactions of two or more soils are alike that the 
results of nitrification tests will correlate with soil productivity. 
Harper (10 ) found that the nitrification of ammonium sul-
fate occurred much more slowly in acid soils than in basic soils. 
In strongly acid Carrington loam, the organic nitrogen in the 
soil was nitrified more readily than nitrogen added as ammon-
ium sulfate. Applications of ammonium sulfate in small 
amounts slightly increased the hydrogen ion concentration in 
the ·soil. Harper and Boatman (11 ) studied the nitrification 
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of ammonium sulfate in a large number of different soils using 
30 mgs. and 100 mgs. of ammonium sulfate per 100 grams of 
soil. They found that in most cases a fairly good agreement 
occurred between the reaction of the soil and its nitrifying 
power when 100 mgs. of ammonium sulfate were used. However, 
when only 30 mgs. of ammonium sulfate were used, the nitrify-
ing power of the acid soils was as great as that of the neutral 
or basic soilS! and no correlation existed between the nitrifying' 
power and soil reaction. 
Abbott (1) studied nitrification in four soils, using 30 mgs. 
of nitrogen as ammonium sulfate, both with and without cal-
cium carbonate, and he. found quite a difference in the nitrify-
ing power of these soils. When lime was added con:;;id,erably 
more nitrates were produced in all of the soils except one. This 
had previously received an application of ground oyster shells. 
The reaction of these soils did not seem to be a limiting factor 
in the formation of nitrates from ammonium sulfate, since in 
no case did the pH go below 6.0. 
Several investigators have paid especial attention to the im-
provement of methods for the studY-', of nitrification in soils. 
Temple (18) studied the rate of nitrification of ammonium sul-
fate with and without calcium carbonate. He worked with dif-
ferent types of soil and used 120 mgs. of nitrogen as ammonium 
sulfate and 1.0 gram of calcium carbonate per 200 grams of 
soil. Altho all of the nitrogen was not nitrified in four weeks 
in some soils, a rather large percentage was converted to 
nitrates when calcium carbonate was added. Without calcium 
carbonate, only a very small amount of nitrogen was recovered 
as nitrate. Tests using different amounts of ammonium sulfate 
showed that almost as good r esults were secured with 24 mgs. 
of nitrogen as ammonium sulfate as when 48 mgs. were used. 
Kelley (13) showed that increasing percentages of nitrogen in 
ammonium sulfate were nitrified as the concentration decreased, 
and that this material was most completely nitrified when added 
in the lowest concentration. 
Waksman (19) in his paper on methods for the study of nitri-
fication discussed rather critically the previous work which had 
been done on the nitrification of ammonium sulfate in the soil. 
He stated that, when the nitrifying capacities of two soils are 
compared by the common method of adding ammonium sulfate 
(much in excess of what would be added to field soils) to 100 
grams of soil and determining the nitrates formed after incu-
bation, what is actually measured is not the nitrifying capacities, 
of the two soils but merely, in a roundabout way, the initial 
reaction, buffer content and presence of neutralizing substances 
in the soil. In order to compare the nitrifying power of differ-
ent soils, he suggested the use of a combination of methods in 
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which studies can be made of (1) nitrification in solution, (2) 
nitrification of the soils' own nitrogen, (3) nitrification of am-
monium sulfate in the soil, (4) nitrification of ammonium sul-
fate in the presence of the theoretical amount of calcium car-
bonate (210 mgs. for 30 mgs. of nitrogen as ammonium sulfate) 
necessary to neutralize all of the acid formed from the complete 
oxidation of the ammonium sulfate into nitric and sulfuric acids 
and (5) nitrification of organic nitrogenous materials. This 
author believed that "by giving a definite weight to the informa-
tion obtained by each of the five methods, a true picture of nitri-
fication in soil may be obtained." 
This review of literature has presented much evidence sup-
porting the belief that nitrification studies in soils show in "the' 
majority of cases a rather definite correlation with crop yields 
or soil productivity. Undoubtedly the improved methods, which 
have been recently proposed for more comprehensive studies of 
nitrification in soils, will be of far-reaching value in permitting 
of a direct application of the information gained from such 
studies to practical agriculture. 
EXPERIMENTAL 
THE FIELD SOILS STUDIED 
Certain of the soil fertility plots on the Agronomy farm of 
the Iowa Agricultural Experiment Station were selected for this 
study. These plots were laid out in 1914, so that by the time 
the samples for this study were taken, in 1926, the plots had 
been under definite rotations and soil treatments for 12 years. 
The plots selected were all located on one soil type, Carrington 
loam, and the soil treatments included manure, lime, manure 
and lime, and crop residues and lime. . 
The plots were sampled four times during the summer of 
1926. When the first samples were taken on June 28, a total of 
35 plots were used. These included 4 plots from the continuous 
corn series, 8 from the two-year alternation of corn and oats 
series, 8 from the three-year rotation series, 7 from the four-
year rotation series and 8 from the five-year rotation series. 
This number, however, proved to be too large to handle, and for 
the remaining three samplings only 20 plots were used. 'rheso 
included 4 plots in the continuous corn series, 8 in the three-
year rotation series and 8 in the five-year rotation series. All 
plots used in this study were one-tenth acre in size except the 
check plots in the two and three-year rotation series which were 
only one-twentieth of an acre. 
'rhe samples were obtained by means of sterile hand trowels 
from the first 4 or 5 inches of soil from at least 20 different 
places selected at random over the entire plot. After mixing 
TABLE I. NITRIFYING POWER, CROP YIELDS AND REACTION OF CARRINGTON' LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken June 28, 1926) 
I I I Nitrifying power of soil alone; with (NH.),SO,; 
I I At time of sampling I and with (NH,),SO, + CaCO. 
I I I I I I Soils' own I ~u mgm. N. as I ~o mgm. N. as 
I I I Crop yields I Moist- I Nitrates Reac- I nitrOI{en I. (NH,),SO., per I (NH,),SO. + 210 
Plot I Rotation and r I per acre I ure I in 100 I tion I (100 gm. §oil) I 100 gm. soil I mgm. CaCO, per 
No. crop I Treatment I I . . I gm. soil I I I I I i 100 gm. soil 
I I I I I I Ni- 1 Final. I I Final I I Final 
I I I I I I trates I Reac- I Nitratesl Reac- i Nitrates i Reac-
I I I I I I tion I I tion I I tion 
I I Bu. I Percent mgs. I pH I· mgs. I pH I mgs. I pH I mgs. I pH 
I I I 
, I I I I I 906 Continuous I Check I 32.5 
I 
19.6 0.46 'I 5.8 I 2.6. 5.9 I 11.5 I 5.0 I 23.1 I 5.5 907 Corn Nlanure I 32.5 19.3 0.47 I 6.3 I 3.4 6.1 I 10.0 J 5.1 I 29,6 I 5.5 908 I .Y1anure + lime I 35.0 19.9 1.15 I 7.2 I 2.5. 7.0 I 20.2 I 5.3 I 31.0 I 7.1 909 Lime I 28.8 I 15.7 0.37 I 6.9 2.r 6.9 I 16.8 5.3 I 33.3 I 6.3 
I I Bu. I l\!) 
805 Two-year I Check I 22.2 II 11.4 0.11 6.2 2.2 6.2 10.9 5.4 24.9 6.6 0:. 806 Rotation I Manure + lime I 48.5 9.9 Tr. 7.2 3.6 7.1 23.6 5.4 30.3 6.5 00 
808 Oats I Crop residues + lime I 38.7 I 9.6 Tr. 6.9 2.0 6.0 25.6 5.1 30.3 6.5 
810 I Check I 19.6 I 9.9 6.6 1.6 6.3 6.9 ~.3 23.0 5.6 
I I I 
I I Bu. I 
I I 
811 Two-year I Check 31.3 I 
18.2 0.65 5.7 2.6 5.6 6.7 5.0 19.7 5.5 
812 Rotation I Manure + lime 63.8 15.7 0.67 7.4 2.4 7.0 22.2 5.6 31.5 6.5 
814 Corn I Crop residues + lime 45.0 16.0 0.77 7.1 2.3 7.1 19.4 5.3 31.2 5.7 
816 I Check 34.0 
" 
18.7 0.85 6.0 6.9 5.2 7.4 5.5 24.0 5.1 
I Tons 
817 Three-year I Check 0.70 I 8.7 0.15 6.1 2.1 6.0 7.0 5.0. 18 .4 5.6 
818 Rotation I Manure + lime 1.20 
I 
14.8 0.12 7.0 2.9 6.6 23.5 5.4 33.9 6.3 
820 Clover Crop residues + lime 0.60 11.8 0.16 7.1 2.5 6.9 23.5 5.2 36.0 6.1 
822 Check 0.62 12.8 0.23 5.8 2.5 6.0 10.1 4.9 24.3 5.2 
I Bu. I 
823 Three-year I Check 47.5 I 18.2 1.16 5.5 4.7 5.3 10.8 4.9 21.4 5.1 
824 Rotation Manure + lime 73.8 I 19.3 1.99 6.7 5.0 6.5 29.0 5. 1 33.3 6.0 
826 Corn I Crop residues + lime 50.0 I 16.0 0.93 6.9 3.3 6.8 16.3 5.3 30.8 6.8 
828 I Check 47.5 I 16.3 1.10 6.5 4.0 6.4 13.3 5.1 28 .0 6.0 
I Tons I 
TABLE I- (Continued) 
1100 Four-year I Check 1.15 10.6 0.17 5.9 2.7 5.9 9.5 4.8 19.4 5.3 
1101 Rotation Manure 1.65 12.1 0.13 5.6 2.1 5.7 8.5 4.6 23.9 5.0 
1103 Clover !. Manure + lime 1.95 11.8 Tr. 7.1 2.2 6.1 23.8 5.3 31.4 7.0 
1105 I Check 0.95 12.6 0.12 6.1 2.1 6.1 9.7 5.0 21.6 5.4 
Bu. 
1200 Four-year I Check 44.4 13.3 Tr. 6.0 1.8 6.2 12.5 5.1 23.0 5.3 
1201 Rotation Manure 44.7 10.6 0.13 6.5 2.5 6.5 17.8 5.4 25.5 6.3 
1203 Oats I Manure + lime 51.6 8.7 0.30 7.0 1.4 6.3 25.0 5.5 34.1 7.2 Tons 
1000 Five-year Check 1.05 13.6 0.20 5.7 1.4 5.7 7.8 5.0 26.7 4.9 
1001 Rotation Manure 1.35 13.1 0.20 5.8 2.5 6.0 10.9 4.7 27.6 5.2 
1002 Clover I Manure + lime 1.45 10.6 0.29 7.1 3.5 6.5 22.6 5.1 30.2 6.2 
1005 ~ Check 1.00 14.2 0.22 5.5 2.1 5.8 11.3 4.6 19.8 5.1 
I Bu. 
1013 Five-year I Manure 54.4 8.7 0.20 6.2 3.6 5.8 5.4 5.1 29.2 6.0 
1014 Rotation I Manure + lime 51.6 9.6 0.33 7.1 4.0 7.2 29 .2 5.1 40.0 6.9 
1017 Oats Check 44.4 8.0 0.14 5.9 3.5 5.4 12.1 4.9 24.0 5.5 
1019 I Crop residues + lime 56.9 9.2 0.53 7.2 3.5 6.4 33.8 5.6 33.5 6.8 
I to!) 
0> 
<.0 
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these 20 samples thoroly, a sufficient quantity of the composite 
sample was kept for the various determinations. 
The determinations made on these samples included moisture, 
nitrates and pH at the time of sampling. The percent of mois-
ture was calcuated on the oven-dry basis. Nitrates were de-
termined by the phenoldisulphonic acid method, and the hydro-
gen ion concentration or pH was determined by means of the 
quinhydrone electrode. 
For the nitrification studies and the nitrifying power of the 
soils, three of the five methods as suggested by Waksman (19) 
were used. Six portions of fresh soil from each plot, represent-
ing 100 gram equivalents of oven-dry soil, were weighed into 
tumblers and treated as follows: 
1 and 2 Nothing added (nitrification of soils' own nitrogen). 
3 and 4 30 mgs. of nitrogen as ammonium sulfate (nitrifica-
tion of ammonium sulfate in the soil). 
5 and 6 30 mgs. of nitrogen as ammonium sulfate plus 210 
mgs. of calcium carbonate (nitrification of ammon-
ium sulfate in the presence of the theoretical amount 
of calcium carbonate necessary to neutralize all of 
the acid formed from the complete oxidation of the 
ammonium sulfate into nitric and sulfuric acids). 
These materials were thoroly mixed with the soil by stir-
ring with a sterile spatula, after which sufficient sterile water 
was added to bring the soils to the optimum moisture content 
(25.0 percent). The soils were then incubated at room tempera-
ture (25-28°0.) for 30 days, additions of sterile water being 
made every tenth day to replace any lost thru evaporation. 
At the end of the incubation period, nitrates were determined 
by the phenoldisulphonic acid method and calculated to milli-
grams of nitrogen as nitrate per 100 grams of dry soil. The 
hydrogen ion concentration of the soils was also determined 
after incubation by means of the quinhydrone electrode. The 
crop yields on all of the plots in 1926 are given. 
THE RESULTS AT THE FIRST SAMPLING 
The results obtained from the studies made on the first samples 
taken June 28, 1926, are given in table I. These data include 
the yields of crops obtained on these plots for 1926; the mois-
ture, reaction and nitrates present in the soil at the time of 
sampling; the nitrifying power of the soils from the various 
plots, when the soils' own nitrogen is nitrified and when am-
monium sulfate used with and without calcium carbonate is 
nitrified; and the reaction of the soils after incubation for 30 
days. The plot numbers, crop rotations and treatments of the 
plots are also noted in the table. 
271 
THE CROP YIELDS 
In 1926 the manured plot of the continuous corn series pro-
duced the same amount of corn as the check plot. The plot 
receiving manure and lime produced only 2.5 bushels of corn 
more than the check, and the plot receiving the lime alone did 
not yield as much as the check plot. The year 1926, however, 
was apparently somewhat abnormal since the la-year average 
yield for these plots was as follows: check, 36.0; manure, 44.9; 
manure and lime, 49.0; and lime alone, 38.3 bushels of corn per 
acre. I . 
The highest yield of oats in the two-year alternation series was 
obtained from the manure and lime treatment; the yield was 
about 10 bushels more per acre than that on the crop residues 
and lime treated plot. The yield obtained on the two check 
plots was very poor, amounting to only about one-half of the 
average yield for the previous la-year period. The manure and 
lime treated plots also produced the highest yield of corn in 
the two-year corn and oats series. The crop residues and lime 
treated soils were next, giving a yield only 7.3 bushels per acre 
below that secured on the plot treated with manure and lime. 
The yield on the manure' and lime treated plot in 1926 was con-
siderably higher than that obtained as an average for the 10-
year period. The la-year average for the two checks in this 
series waS! somewhat higher than the yields obtained in 1926. 
The manure and lime treatment again showed up to the best 
advantage on red clover in the three-year rotation series, a yield 
of V2 ton more hay being secured where this treatment was em-
ployed than was obtained on the nearest check plot, and twice 
as large a crop being produced as on the crop residues and lime 
treated plot. 'rhe second check plot yielded slightly more clover 
hay than the crop residues and lime treated plot. The yield of 
hay from these plots in 1926 was only about one-half as much 
as the calculated average yield over the la-year period. The 
m~lllure and lime treated plot produced 26.3 bushels of corn per 
acre more than the check plots, while the crop r esidues and 
lime treated plot showed a gain of only 2.5 bushels of corn per 
acre over the check plots. Thes~ results, with the exception of 
those noted for the crop residues and lime treated plot, compare 
very favorably with the average yield for the la-year period. 
In the case of the crop residues and lime treated plot, the aver-
age yield for the la-year period was 62.3 bushels per acre. 
In the four-year rotation series, manure increased the yield 
of clover hay by exactly V2 ton over the yield on the check 
plots, while the manure and lime treated plot yielded exactly 
1 ton of hay more per acre than the neal'es~ check. In the case 
of the oats on the four-year rotation series, manure did not in-
crease the yield, but manure and lime brought about an increase 
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of 7.2 bushels of oats per acre over the yield on the check plot. 
The 10-year average yield of oats obtained in the four-year ro-
tation series was 62.1 bushels for the check, 66.8 bushels for the 
manure treated plot and 64.4 bushels for the manure and lime 
treated plot. 
In the five-year rotation series, the manure and lime treatment 
gave an increase of only 0.1 of a ton more clover hay than the 
manure alone, which in turn produced 0.3 of a ton more hay per 
acre than was secured on the check. In the case of the oats, 
the manure alone increased the yield by 10 bushels over the 
yield on the check soil, the manure and lime gave an increase of 
7.2 bushels and the crop residues and lime brought about the 
largest effect, giving an increase of 12.5 bushels of oats per acre 
over the yield on the check plot. The results obtained in 1926 
on these plots compared very favorably with the average ob-
tained over a twelve-year period, altho the manured plots and 
the manure and lime treated plots were somewhat higher than 
the crop residues and lime treated plots when average yields are 
considered. 
If a comparison is made of the yields of the same crop in 1926 
under the various rotations or cropping systems, some interest-
ing points are brought out. The yield of corn on the check 
plots was practically the same in the continuous corn and the 
two-year corn and oats series. The yield of corn on the three-
year rotation check plots was considerably higher than those 
obtained in the continuous corn and the two-year corn and oats 
series. Manure and lime in the two-year series gave an increase 
of 28.8 bushels of corn per acre over the yield on the manure 
-and lime treated plot in the continuous corn series. In the 
three-year rotation series the manure and lime led to a still 
further gain of 10.0 bushels of corn per acre over the yield on 
similarly treated plots in the two-year corn and oats series. The 
value of the rotation of crops is plainly shown here in these 
corn yields. It is unfortunate that corn yields under the four 
and five-year rotation series were not available for this same 
type of soil. 
Practically no differences were noted in the various rotations 
when the yields of oats on the plots receiving' manure and lime 
were compared. In the case of the clover hay, however, both 
the manure treatment and the manure and lime treatment 
brought about larger yields in the four-year rotation series than 
in the five-year series. Also the manure and lime' treated plot 
in the three-year rotation series produced less clover hay than 
the same plot in the four and five-year series. 
THE MOISTURE CONTENT OF THE SOILS 
In the majority of cases the amount of moisture present in 
the soil samples taken on June 28 was fairly uniform in each 
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series of plots. Usually, however, at least one sample, and in a 
few instances two samples, varied some in moisture content 
when compared with the other samples in the same series. Con-
sidering the moisture determinations as a whole, it is evident 
that more moisture was present in the soils under corn than in 
those under clover or oats, and more moisture was present in 
soils from the clover plots than in those from the oat plots. 
Neither the rotation of crops nor the additions of manure or 
manure and lime seemed to have any constant effect on tho 
moisture content of' these soils. 
THE NITRATES PRESENT 
The amount of nitrate nitrogen present in the soils at the 
time of sampling on June 28 varied considerably under the 
different crops and under the various soil treatments. The larg-
est amount of nitrate nitrogen was found in the soils from the 
corn plots under the three-year rotation series and the smallest 
amount in those from the oat plots under the two-year rotation 
series. In nearly all cases the soils receiving manure and lime 
showed a higher amount of nitrate nitrogen than the check soils, 
the manure treated soils or the crop residues and lime treated 
soils. Almost the same amount of nitrates was found in the soils 
from the three-year rotation clover plots as in those from the 
four-year rotation clover plots, but slightly larger amounts of ni-
trates were found in the soils from the clover plots in the five-year 
rotation series. It seems, therefore, that the crop and soil 
treatment were more important factors in determining the 
amount of nitrates present in the soil at this sampling than the 
rotation of crops. 
THE REACTION OF THE SOILS 
'rhe reaction of all the soil samples taken from the check plots 
which were sampled on June 28 showed a hydrogen ion concen-
tration ranging from pH 5.5 to pH 6.6, with an average of 
pH 5.95. The soils from the five manured plots showed an av-
erage pH of 6.08, while the average hydrogen ion concentra-
tion of the soils taken from the nine manure and lime treated 
plots . was pH 7.11, and that for the soils from the five crop 
residues and lime treated plots was pH 7.03. Apparently ap-
plications of manure to these soils had practically no effect 
whatever on their reaction, but lime neutralized the acidity 
present and made the reaction just slightly alkaline. 
THE NITRIFICATION OF THE SOILS' OWN NITROGEN 
When these soils were incub aJted under optimum conditions 
of moisture and temperature for 30 days, there was some nitri-
fication of the soils' own nitrogen. . Generally speaking the 
amount of nitrates produced after incubation was about 10 times 
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that present in the soils at the time of sampling. While in tho 
majority of cases the manure and lime treatment increased the 
11itrification of the soils' own nitrogen, the amount of nitrates 
produced in the check soils was nearly as great as that produced 
in the manure and lime treated soils and fully as much as that 
produced in the crop residues and lime treated soils. Lime, 
therefore, seemed to increase the production of nitrates in these 
soils very little. The acidity of the check soils was not high 
enough to restrict the activity of the nitrifying organisms. Ni-
trification of the soils' own nitrogen seemed to take place as 
readily at a pH of 5.5 to 6.0 as it did at a pH of 6.5 to 7.1. The 
reaction of these soils after incubation was not materially 
altered during the period of incubation except in a few cases. 
The soils from the three-year rotation series of plots which were 
in corn showed the greatest nitrifying power when the soils 
alone were used in the test. The soils in this series of plots con-
tained the greatest amount of nitrates at the time of sampling. 
However, the amounts of nitrates produced from the soils' own 
nitrogen in the different soils were so nearly the same that no 
definite correlations can be made between the nitrifying power 
of the soils' own nitrogen and the crop rotation or soil produc-
tivity. 
THE NITRIFICATION OF AMMONIUM SULFATE 
The plots receiving lime showed the greatest nitrifying power 
as indicated by the highest production of nitrates from the am-
monium sulfate. The nitrifying power of the soils treated with 
manure and lime and those treated with crop residues and lime 
was nearly the same in the same series of plots. In one or two 
cases the amount of nitrates produced was slightly higher from 
the manure and lime treated soils, while in other instances a 
larger amount of nitrates was formed in the crop residues and 
lime treated soils. 'rhese data indicate that it is the lime and 
not the manure that has increased the nitrifying power of the 
soils, since in some cases where manure alone was used, the 
nitrifying power of the soils was lower than that of the cor-
responding check soils. 
The reaction of these soils after incubation apparently was 
not acid enough to be a limiting factor in the production of 
nitrates from ammonium sulfate. In two cases where the re-
action at the end of the incubation period reached a pH of 5.1, 
the amount of nitrates recovered from the ammonium sulfate 
and the soils' own nitrogen was 29 mgs. The highest nitrifying 
power in these soils was not necessarily found in the soils show-
ing the smallest amount of acidity after incubation. The final 
range of pH for all of the soils treated with ammonium sulfate 
alone was between pH 4.6 and ' pH 5.6, and the amount of ni-
trate nitrogen recovered from the 30 mgs. of nitrogen added and 
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the soils' own nitrogen ranged from 6.7 to 33.8 mgs. of nitrogen 
as nitrate per 100 gms. of soil. 
THE NITRIFICATION OF AMMONIUM SULFATE IN THE 
PRESENCE OF CaCOa 
The results of the nitrification of ammonium sulfate in the 
presence of CaC03 show that when the soils had been limed 
and nitrification was studied by this method, practically all of 
the added nitrogen was recovered in the form of nitrates. In 
a number of cases it also seemed that lime had some effect in 
increasing the nitrification of the soils' own nitrogen. Calcium 
carbonate added with the ammonium sulfate to the check soils 
brought about a marked increase in the nitrifying power of these 
soils. The amount of nitrates formed was very uniform for the 
various series of plots in the different rotations and cropping sys·· 
terns. The average of the 15 check plots showed that 22.7 mgs. 
of nitrogen as nitrate have been recovered from the ammonium 
sulfate and the soils' own nitrogen. 
These results indicate that when the Carrington loam has 
received no soil treatment for 12 years, the rotation of crops 
does not have any effect on the nitrifying power of the soil. 
The application of manure to these soils increased their nitrify-
ing power over that of the untreated soils. The soils taken from 
the manure and lime and the crop residues and lime treated 
plots in the two-year rotation series showed exactly the same 
nitrifying power; in the three-year rotation series where corn 
was grown, the soils from the manure and lime treated plots 
showed a slightly higher nitrifying power than the soils from 
the crop residues and lime treated plots while the reverse was 
true in the three-year rotation where clover was grown; and in 
the five-year rotation where oats were grown, the ll!anure and 
lime proved superior. Thus the results as a whole indicate that 
manure applied with lime increased the nitrifying power of 
the Carrington loam, more than did the crop residues and lime 
treatment or manure alone. 
It is evident that 210 mgs. of CaC03 were not sufficient to 
neutralize all of the acidity produced from the complete oxida-
ton of the ammonium sulfate, when a comparison is made of the 
final reaction of the soils in the soils' own nitrogen series and 
that in the soils of the ammonium sulfate plus CaC03 series. 
In the great majority of these cases the oxidation of ammonium 
sulfate in the presence of CaC03 brought about an increase in 
the hydrogen ion concentration over that noted in the oxidation 
of the soils' own nitrogen. The final reaction of the soils treated 
with ammonium sulfate and calcium carbonate ranged from 
pH 4.9 to pH 7.2 which is quite a wide variation. However, the 
average reaction of aU of these soils, including the treated and 
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IIntreated, was pH 6.38. The reaction of the limed soils after 
incubation showed a pH very much lower than that for the 
untreated or the manured soils. 
THE RESULTS AT THE SECOND SAMPLING 
The results of the determinations made on the soil samples 
taken July 12, 1926, are given in tablCi II. 
THE MOISTURE CONTENT OF THE SOILS 
On July 12, 1926, when the second set of samples was taken, 
tr.e moisture content of the soils was considerably less than that 
found on June 28. As, was the case at the first sampling, more 
moisture was present in the soils from the corn plots than in the 
soils from either the clover or oat plots. 'rhe soils in the latter 
series of plots were exceptionally low in moisture content at the 
second sampling. The same individual variations in percent of 
moisture that were noted at the first sampling of the plots in the 
various series were not consistently evidenced at the second 
sampling. 'rhis seems to indicate that the various soil treat-
ments had very little effect on the moisture content. Neither 
was there any very definite effect of the rotation of crops on 
the amount of moisture present in these soils. 
THE NITRATES PRESENT 
Even tho the moisture conditions in the soils at the second 
sampling were not as favorable for nitrification of the soils' 
own nitrogen in the field, very much more nitrate nitrogen was 
present in the soils than at the. first sampling. The soils of the 
three-year rotation corn plot showed the highest amount of ni-
trate nitrogen, the soils in the continuous corn series were next, 
and the remaining soil samples from the other series of plots 
showed practically the same amount of nitrate nitrogen. 
THE REACT'ION OF THE SOILS 
The reaction of the soils taken from the various plots did not 
vary a great deal in the two-week interval between the first and 
second samplings. In a few instances, however, differences in 
pH were large enough to be significant; in one case the soil 
from the limed plot in the continuous corn series showed a dif-
ference in pH of 1.1; the crop residues and lime treated plots in 
both of the three-year rotation series and the manure and lime 
treated plot in the three-year rotation under corn showed dif-
ferences in reaction amounting to pH 0.6 and 0.7, respectively; 
and the reaction of the check soil, plot number 1005 ill! the five-
year rotation under clover showed a difference in reaction 
amounting to pH 0.5. This variation in reaction during such a 
short time is unexpected: and was undoubtedly due to a rather 
abnormal combination of conditions. 
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THE NIT.RIFICATION RESULTS 
Nitrification of the soils' own nitrogen seemed to take place 
with relative ease regardless of the fact that the reaction of the 
soil went as low as pH 4.8. In fact 6.7 mgs., the greatest amount 
of nitrate nitrogen produced from the soils' own nitrogen, was 
obtained from the check soil from plot 823, which showed a re-
action of pH 4.8 after 30 days of incubation. 'l'he soil samples 
from the three-year rotation series corn plots again showed the 
highest nitrifying power when the nitrification of the soils' own 
nitrogen was tested, and in these samples it was surprising to 
note that the two check soils had a higher nitrifying power than 
the two treated soils. The two treated soils from the three-year 
rotation plots under clover, however, showed a nitrifying power 
twice as great as than of the two untreated soils when the nitt'i-
fication of the soils' own nitrogen was tested. The soils from 
the continuous corn plots and those from the five-year rotation 
clover plots showed about the same nitrifying power when the 
transformation of the soils' own nitrogen was tested. The soils 
in all the five-year rotation oat plots showed practically the 
same nitrifying power, which was somewhat higher than that 
of the soils from the five-year rotation clover plots. 
Nearly all of the soils from the plots treated with manure and 
lime and crop residues and lime showed a much greater nitrify-
ing power at the second sampling than at the first sampling, as 
is indicated by the data presented in table II, for the nitrifica-
tion of ammonium sulfate alone. In the majority of cases the 
amount of nitrate nitrogen recovered from the nitrogen added 
as ammonium sulfate and the soils' own nitrogen either ap-
proached or was more than 30 mgs. Again manure alone did 
not seem to increase the nitrifying power as indicated by the 
production of nitrates from ammonium sulfate. Nitrification 
apparently was able to go on in these soils even when the final 
reaction had reached pH 4.0, altho there is no doubt that 
the acidity produced from the ammonium sulfate restricted nitri-
fication to some extent. Where the acidity dropped to as low 
as pH 4.5 or pH 4.6 as much as 28 or 29 mgs. of nitrate nitrogen 
were produced from the added ammonium sulfate. 
When calcium carbonate was used with the ammonium sul-
fate in the tests of the soils from the second sampling the nitri-
fying power of the soils was indicated to be much greater. In 
the majority of cases where lime had been used on these plots 
in the field, all of the nitrogen added as ammonium sulfate 
was recovered in th e form of nitrates. Manure alone apparently 
did not increase nor decrease the nitrifying power of Carrington 
loam. The final reaction of the soils after incubation with am-
monium sulfate in the presence of CaCOa shows that the amount 
of CaCOs added was usually sufficient to take care of all of the 
TABLE II. NITRIFYING POWER, CROP YIELDS AND REACTION OF CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken July 12, 1926) 
Plot Rotation and I 
No. crop 
Treatment 
_'-----__ I 
I I 
I I 
906 I Continuous I Check 
907 I Corn I Manure 
908 I I Manure + lime 
909 Lime 
I 
8 17 I Three-year I Check 
818 I Rotation I Manure + lime 
820 I Clover Crop residues + lime 
822 I I Check 
I I 
823 I Three-year I Check 
824 I Rotation I Manure + lim~ 
826 I Corn I Crop residues + lime 
828 I Check 
I 
1000 I Five-year I Check 
1001 I Rotation I Man ure 
1002 I Clover I Manure + lime 
1005 I I Check 
1013 I Five-year I Manure 
1014 I Rotation I Manure + lime 
1017 I Oats I Check 
1019 I Crop residues + lime 
I I 
Crop yields I 
per acre ! 
Bu. 
32.5 
32.5 
35.0 
28.8 
Tons 
0.70 
1.20 
0.60 
0.62 
Bu. 
47.5 
73.8 
50.0 
47.5 
Tons 
1.05 
1.35 
1.45 
1.00 
Bu. 
54.4 
51.6 
44.4 
56.9 
I 
I 
I 
I Nitrifying power of soil alone; wIth (NH,) , SO.; 
At time of sampling i and with (NH.),SO. + CaCOa 
1----1 I Soils' Own I 30 mgs. N. as I 30 mgs. N. as 
I I I nitrogen I (NH,) ,SO, per I (NH.),SO, + ~10 
Moist- \ Nitrat{sl 
ure I In 100 I 
I gms. soill 
Percent 
13.9 
13.9 
14.1 
11.1 
8.2 
8.0 
10.1 
8.9 
13.4 
12.3 
11.1 
12.3 
11.1 
9.2 
9.4 
1(1.1 
6.4 
6.4 
6.4 
8.0 
I I 
I I 
mgs. 
1.0 
0.9 
0.8 
1.0 
0.6 
0.6 
0.6 
0.4 
2.7 
2.4 
1.9 
2.7 
0.6 
0.6 
0.5 
0.6 
0.6 
0.9 
0.6 
0.7 
Reac-
tion 
pH 
I 100 gms. soil I' 100 gms. soil I mgs. CaCOa per 
I I I 100 gillS. soil 
I I Final I I Final I I Final 
I Ni- I Reac- I Nitratesl Reac- I Nitrates I Reac-
I trates I tion I I tion I I tion 
I mgs. I pH I mgs. I pH I mgs. I pH 
I I I I I 
5.8 I 1.7 5.7 I' 18.7 I 4.7 I 23.5 I 
6.0 I 1.6 6.2 9.8 I 4.7 25.6 I 
6.8 I 1.6 7.1 I 28.8 I 4.5 I 27.2 I 
5.4 
5.9 
6.9 
6.6 5.8 I 1.6 6.9 I 26.8 I 4. 8 33.6 
5.9 
6.7 
6.5 
5.9 
5.2 
6.0 
6.3 
6.3 
5.6 
5.2 
7.0 
6.6 
5.8 
7.0 
5.8 
7.2 
1.1 
2.3 
2.5 
1.4 
6.7 
4.6 
3.3 
6. 2 
1.5 
1.3 
1.5 
1.8 
2.5 
2.6 
2.2 
2.3 
4.8 
5.3 
6.8 
4.8 
4.8 
6.4 
6.8 
5.9 
5.2 
5.9 
6.4 
5.3 
5.6 
7.1 
5.3 
7.1 
9.2 
29.6 
26.8 
8.4 
8.7 
28.1 
29.3 
17.1 
8.7 
9.8 
18.4 
7.4 
12.5 
32.0 
9.8 
30.6 
4.3 
4.6 
4.7 
4.3 
4.6 
4.8 
4.6 
4.1 
4.1 
4.1 
4.6 
4.0 
4.3 
5.1 
4.7 
4.8 
32.8 
32.9 
33 .0 
29.0 
24.1 
40.4 
40.0 
30.9 
26.3 
23.5 
30.0 
18.5 
29.3 
40,0 
28.2 
34,8 
4.8 
6.7 
6.0 
4.8 
4.4 
5.6 
6.5 
5.6 
5.4 
4.6 
5.8 
4.9 
5.0 
7.0 
4.5 
6.8 
t-!l 
~ 
00 
rABLE III. NITRIFYING POWER, CROP YIELDS AND REACTION OF CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken August 5, 1926) 
I Nitrifying power of soil alone; with (NH,),SO.; 
At time of sampling I and with (NH.),SO. + CaC03 
I I - I I 30mgs.N.as I 30 mgs. N. as 
I I I Soil alone I (NH,),SO, per I (NH,),SO, + 210 
Plot I Rotation and I Treatment Crop yields I Moist- I Nitrates l Reac- I 100 gms. I 100 gms. soil I mgs. CaC03 • per 
No. I crop per acre I ure I in 100 I tion I I I 100 gms. sOIl 
I I I I gms. soill I Ni- I Final I Nltrates l Final I I Final 
I I I I I trates I Reac- I I Reac- I Nitrates I Reac-
I I I I I I I tion I I tion I I tion 
I I Bu. I Percent ---;;gs.- IPHI mgs. IpH-I---;;gs.-1 pH I mgs. I~
I I I I I I , I I 
906 I Continuous I Check 32.5 20.5 0.4 I 6.2 I 1.5 I 5.9 I 9.6 I 4.9 I 19.5 I 
907 I Corn I Manure 32.5 19.6 0.4 I 5.8 1.2 5.9 I 9.7 I 4.5 I 14.1 
908 I I Manure + lime 35.0 17.9 0.4 I 7.3 I 1.4 I 6.5 I 18.9 4.6 27.7 I 
909 I I Lime 28.8 14.1 0.5 I 6.6 I 0.8 6.4 I 14.9 4.6 I 23.7 
I Tons 
817 I Three-year Check 0.70 17.6 0.4 5.1 I 0.9 I 5.6 I 7.4 5.8 I 11.9 
818 I Rotation I Manure + lime 1.20 14.9 0.4 6.7 I 1.6 6.1 I 21.8 4.9 I 25.9 
820 I Clover Crop residues + lime 0.60 17.9 0.4 6.9 I 1.3 I 6.1 I 16.7 4.3 I 23.8 
822 I I Check 0.62 19.9 0.3 5.2 I 1.2 5.4 I 8.1 3.9 I 17.2 
I I Bu. 
823 I Three-year I Check 47.5 14.7 1.4 5.2 I 2.2 I 5.2 6.8 4.1 I 15.7 
824 I Rotation I Manure + lime 73.8 17.1 1.1 6.2 I 2.6 5.8 14.3 4.7 I 19.5 
826 I Corn Crop residues + lime 50.0 12.1 0.5 7.2 I 2.2 I 6.1 22.1 4.9 I 28.9 
828 I Check 47.5 14.1 1.5 5.1 I 2.3 5.9 11.2 4.7 I 20.3 
I Thu 
1000 I Five-year I Check 1.05 21.4 0.3 5.7 1.0 I 5.4 6.3 4.4 I 13.2 
1001 I Rotation I Manure 1.35 20.2 0.3 6.2 1.3 5.6 8.4 4.7 I 13.4 
1002 I Clover I Manure + lime 1.45 19.3 0.4 6.6 2.1 I 6.1 15.9 4.5 I 23.1 
1005 I I Check 1.00 20.7 0.4 5.4 1.0 I 5.3 10.1 4.9 I 13.1 
I I Bu. 
1013 I Five-year I Manure 54.4 14.7 0.4 5.1 1.2 5.8 7.2 4.9 19.7 
1014 I Rotation I Manure + lime 51.6 14.1 0.4 6.1 1.8 6.3 10.7 5.0 26.8 
1017 I Oats I Check 44.4 17.3 0.4 5.8 1.3 5.1 9.9 5.2 19.2 
1019 I I Crop residues + lime 56.9 14.7 0.5 7.0 1.0 6.6 28.3 5.3 23.8 
5.3 
6.4 
5.7 
6.5 
5.9 
5.8 
6.2 
6.0 
4.8 
5.7 
6.3 
5.4 
5.2 
5.6 
5.7 
4.9 
5.4 
6.7 
5.7 
6.1 
~ 
_1 
<a 
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acidity produced from the oxidation of the ammonia to nitrates. 
It may be remembered that this was not the case with the re-
sults obtained on the first samples. 
THE RESULTS A'l' THE THIRD SAMPLING 
In table III are found the data obtained from the determina-
tions made at the tim~ of sampling and after incubation of the 
samples taken August 5, 1926. 
THE MOISTURE CONTENT OF THE SOILS 
The moisture relationships between ·the different series of 
plots in the various cropping systems changed somewhat by 
the time the third set of samples was taken. Instead of the 
soil from the corn plot of the three-year rotation having tho 
largest percent of moisture, the soils from the clover plots in the 
five-year rotation contained the most moisture. The soils from 
two of the plots in the continuous corn series were also high in 
moisture, as was one check soil in th\l three-year rotation clover 
,series. The remaining soils were fairly uniform in moisture con-
tent, and, as haSi been previously noted, no outstanding differ-
ences or effects on the moisture content of these soils could be 
attributed to any special soil treatments. 
THE NITRATES PRESENT 
The highest amount of nitrates in the soils at the third sampl-
ing was again found in the soils on the corn plots under the 
three-year rotation. In all of the other samples from the differ-
ent plots the amount of nitrates found was remarkably uniform 
and would average 0.39 mgs. of nitrogen as nitrate per 100 
grams of soil. 
THE REACTION OF THE SOILS 
Again the reaction of the soils as shown by the results of pH 
determinations varied considerably when compared with the re-
action of the samples taken at the first and second samplings. 
Just why these soils should vary so much in such short inter-
vals of time can not be explained. It does not seem probable 
that it is due to the method employed as certain of the soils 
taken from the same plots showed a very uniform reaction for 
3,1l three samplings. 
THE NITRIFICATION RESULTS 
The nitrifying power of the soil was not as great at the third 
sampling as it waSi at the second sampling when nitrification of 
the soils' own nitrogen was tested. With the single exception 
of the soils from the corn plots in the three-year rotation series, 
the amount of nitrates produced in the nitrification of the soils' 
own nitrogen was practically the same for all of the soils studied. 
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However, in all cases there was slightly greater production of 
nitrates in the soils from the manure and lime treated plots than, 
in the other soils. Some differences were also noted between the 
reaction of the soils after incubation in thCl case of the second 
and third samplings, but in no case did the final reaction go 
below pH 5.1 in the soils secured at the third sampling. 
The amount of nitrate nitrogen produced in the nitrification 
of ammonium sulfate in the soils from the third sampling was 
very much less than that found in the soils from the second 
sampling. It is not possible to explain just why there should 
be such a loss in the nitrifying power of these soils after so 
short an interval as three weeks. It was certainly not due to 
a change in the reaction of these soils, because in the majority 
of cases the reaction was more favorable for nitrification after 
incubation of the soils taken at the third sampling than it was 
after incubation of the soils taken at the second sampling. It 
could not be the moisture factor either b<'cause at the time the 
samples were taken nearly all of the soils were either at the 
optimum moisture content or very nearly so. All of the soils 
which had been treated with lime in the field showed a very 
much higher nitrifying' power than those without lime. In spite 
of the lime treatment, however, the reaction of these soils after 
incubation was practically the same as that found for the un-
limed soils. 
When calcium carbonate was added with the ammonium sul-
fate and the soils were incubated for 30 days, the nitrifying-
power of all of the soils except one, that from plot 1019 which 
received crop residues and lime, was incre'lsed very materially. 
But even when calcium carbonate was added with the ammon-
ium sulfate the results showed that the nitrifying power of the 
soils taken at the third sampling was not nearly so high as that 
indicated by the tests on the soils taken at the second or even 
the first sampling. Some unknown factor was, therefore, ap-
parently operating' in the soils taken at the third sampling- which 
depressed the nitrifying power of these soils considerably. 
THE RESULTS AT THE FOURTH SAMPLING 
'l'he results of the determinations made on the samples which 
were taken on August 20, 1926, or the fourth and last sampling 
are given in table IV. 
THE MOISTURE CONTENT OF THE SOILS 
With very few exceptions the amount of moisture present in 
the soils taken at the fourth sampling was almost identical 
with that found in the soils at the time of the third sampling. 
The soils from the five-year rotation clover plots contained the 
highest percentage of moisture, and the soils from the three-
rABLE IV. NITRIFYING POWER, CROP YIELDS AND REACTION OF CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken August 20, 1926) 
Plot [ Rotation and 
No. [ crop 
[ 
I 
I 
I 
I 
I· 
906 [ Continuous Check 
907 I Corn Manure 
Treatment 
908 [ Manure + lime 
909 I Check 
[ 
8 17 [ Three-year Check 
818 I R'*ttion Manure + lime 
8 20 Clover Crop residues + lime 
822 Check 
82 3 Three-year Check 
824 Rotation Manure + lime 
826 Corn 
828 
Crop residues + lime 
Check 
1000 Five-year Check 
1001 Rotation Manure 
1002 Clover Manure + lime 
1005 Check 
1013 Five-year 
1014 Rotation 
1017 Oats 
1019 
Manure 
Manure + lime 
Check 
Crop residues + lime 
At time of sampling 
Crop yields [ Moist- I Nitrates l Reac-
per acre l ure [ in 100 I tion 
Bu. 
32.5 
32.5 
35.0 
28.8 
Tons 
0.70 
1.20 
0.60 
0.62 
Bu. 
47.5 
73.8 
50.0 
47 .5 
Tons 
1.0<; 
1.35 
1.45 
1.00 
Bu. 
54.4 
51.6 
44.4 
56.9 
I [ gms. soil [ 
I I 
Percent I 
I 
19.9 I 
19.0 
19.3 I 
12.4 I 
14.7 
17.0 
19.6 
22.2 
11.1 
18.2 
13.7 
13.4 
21.3 ! 
21.3 
21.3 
21.3 
U.4 
~O 
1L3 
".4 
rugs. 
0.5 
0.0 
0.5 
0.5 
0.5 
0.6 
0.5 
0.6 
1.1 
09 
0.7 
1.3 
0.6 
0.6 
0.6 
0.6 
0.6 
0.5 
0.6 
0.5 
pH 
4.6 
5.1 
6.0 
6.3 
4.8 
5.7 
6.2 
5.1 
4.6 
5.8 
5.9 
5.4 
4.8 
4.9 
4.8 
4.8 
5.1 
4.8 
5.0 
6.0 
I Nitrifying power of soil alone; with (NH.),SO,; 
[ and with (NH,)oSO, + CaCO. 
[ 30 mgs. N. as I 30 mgs. N. as 
Soil alone I (NH,),SO, per I (NH,),SO., + 210 
100 gms. I 100 gros. soil I mgs. CaCOs per 
I I 100 gms. soil 
--;N=i--'l -;OF"'i-n-a'l I I Final [ I Final 
trates I Reac- I Nitrates l Reac- . Nitrates Reac-
tion [ I tion I tion 
mgs. I~r-n;gs.-I pH mgs. [ pH 
1.3 
1.8 
2.1 
4.5 
3.4 
2.5 
2.4 
1.5 
6.2 
7.3 
7 .3 
6.9 
5.4 
5.9 
6.7 
5.7 
6.3 
17.6 
4.4 
6.8 
5.8 
19.2 
4.6 
5.3 
22.0 
25.3 
[ 
4.9 18.3 I 
4.7 15.0 I 
4.9 26.9 
4.6 26.5 I 
4.2 
5.4 26.2 
5.2 28.0 
4.5 
3.9 
5.1 
4.5 
4.7 
4.1 
4.2 
4.4 
4.6 
4.2 
4.8 
5.0 
18.5 
26.0 
29.3 
22.1 
23.1 
32.0 
17.2 
26.7 
19.4 
31.6 
5.8 
5.7 
6.2 
5.4 
5.9 
5.8 
6.0 
6.1 
4.7 
6.2 
5.7 
· 6.2 
5.1 
4.7 
6.0 
5.3 
5.2 
6.3 
5.3 
6.0 
~ 
00 
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year rotation plots under corn showed the lowest percentage 
of moisture. 
THE NITRATES PRESENT 
As in the case of the soil samples t<tken at the third sampling, 
the amount of nitrates present in the soils at the fourth sampl-
ing was very small and rather uniform for all of the soils ex-
cept those from the three-year rotation corn plots. These soils 
for some unknown reason have consistently shown the presence 
of more nitrates at the time the various samples were taken than 
have the other soils. This fact has held true regardless of the 
smaller amount of. moisture which was present in these soils at 
the last two samplings. In three out of four cases the amount 
of nitrates was slightly higher in the two check soils in this 
series than it was in the two treated soils. 
THE REACTION OF THE SOILS 
The most striking feature of the data presented in table IV 
which shows the reaction of the soils at the time of the fourth 
sampling is the increase in acidity which had developed in the 
soils from the five-year rotation plots under clover. Even where 
lime had been applied with the manurc on plot 1002 the reaction 
of this soil was pH 4.8, and the other three soils showed prac-
tically the same amount of acidity. Also the soil in the five-
year rotation oat plot, receiving manure and lime, showed the 
same reaction. It was true, too, that nearly all of the soil 
samples which were taken at the fourth sampling contained a 
higher amount of acidity than was present in the same soils at 
the third sampling. 
THE NITRIFICATION RESULTS 
Inasmuch as determinations for nitrification and reaction were 
not made on all of the soil samples, very little can be said re-
garding the nitrates present in the soil at the time of sampling, 
or the nitrifying power of the soils when they were tested by 
being incubated for 30 days with ammonium sulfate. It may 
be noted that the final reaction of the soils when incubated for 
30 days with ammonium sulfate was very similar to that shown 
by the soil samples taken at the third sampling and, therefore, 
does not seem to warrant any further discussion. 
When the tests were made using calcium carbonate and am-
monium sulfate additions to the soil and they were incubated 
for 30 days, the amount of nitrate nitrogen recovered was very 
similar to that recovered from the soils which were taken at the 
third sampling, except in the case of the soils from the five-year 
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rotation clover plots and the soils from the five-ycar rotation 
oat plot which received crop rcsidues and lime. '1'he nitrifying 
power of the two check soils in the five-year rotation series with 
clover and also in the manure treated soil in this series was much 
higher than that obtained from the corresponding soils at the 
third sampling. The same statement is true for , the crop resi-
dues and lime treated soil in the five-year rotation oat series. In 
the soils from some of the series the final reaction agreed very 
well with that obtained for the corresponding soils at the time 
of the third sampling. A number of the soils, however, showed 
marked differences in reaction when these results are compared 
with those obtained on the soils taken at the first, second and 
third samplings. 
DISCUSSION OF RESULTS 
In table V are presented the average results obtained from 0 
the four samplings showing the nitrifying power, crop yields, 
moisture and nitrates prcsent in the soils at the time the samples 
were taken and the reaction of thc Oarrington loam under differ-
ent treatments. 
The data representing the average results of the moisture 
determinations of the four samples of soil taken from each plot 
show that the soils from the oat plots were consistently lower in 
moisture than the soils from either the clover or the corn plots. 
The amount of moisture in the corn and clover soils varied con-
o siderably within a series, and no outstanding differences could 
be noted between the plots under the various rotations. Neither 
can it be said from these data that the manure, manure and 
lime, and the crop residues and lime treatments had any notice-
able effect on the moisture content of this particular soil. 
The data giving' the average amount of nitrates present in 
the soils at the time of sampling show conclusively that from 
three to four times as much nitrate nitrogen was present in the 
soils from the threc-year rotation corn plots as was found in the 
other soils. The soils from the continuous corn plots contained 
slightly larger amounts of nitrates than those from the threo 
and five-year rotation clover plots and the five-year rotation oat 
plots. 
At the time of sampling the rcaction of the soils from all of 
the check soils and from the manure treated soils showed an 
average pH ranging from 5.1 to 5.8. When lime was added 
to the soils with manure or with crop residues the range of pH 
varied from 6.2 to 6.9. This indicates that in some soils more 
of the acidity had been neutralized by the addition of lime than 
in others. 
The data showing the nitrifying power as tested by the nitri-
fication of the soils' own nitrogen show that the soils from the 
TABLE V. NITRIFYING POWER, CROP YIELDS AND REACTION OF CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Average results of four samplings) 
I I Nitrifying power of soil alone; with (NH.)'SO.; 
I At time of sampling I and with (NH,),SO, + CaC03 I I I I I I 30 mgs. N. as I 30 mgs . .N. as I I I Soil alone I (NH,),SO, per I (NH,).SO, + 210 
Plot I Rotation and I Treatment Crop yields Moist- I Nitrates I Reac- I 1I}0 gms. I 100 gms. soil I mgs. CaC03 per 
No. I crop per acre ure I in 100 I tion I I I 100 gms. soil 
I I I gms. soill I Ni- I Final I I Final I I Final 
I I I I trat~ I Reac- I Nitrates i Reac- I Nitrates j Reac-
I I I I I I tion I I tion I I tion 
I I Bu. i Percent I mgs. I pH I-;ngs.-l pH I mgs. I pH I mgs. I pH 
I I I I I I I I I I 
906 I Continuous I Check 32.5 I 18.5 I 0.59 I 5.6 I 1.8 5.9 I 13.3 I 4.9 I 21.1 I 5.5 
907 I Corn I Manure 32.5 I 16.3 0.57 I 5.8 I 2.1 6.1 I 9.8 I 4.8 21.1 5.9 
908 I I Manure + lime 35.0 I 16.1 0.71 I 6.8 1.8 7.0 21.4 I 4.8 28.2 I 6.5 
909 I I Lime 28.8 I 13.3 0.59 6.4 1.5 6.4 19.5 I 4.8 29.8 I 6.2 
I Thu 
817 I Three-year Check 0.70 12.3 I 0.44 5.5 1.4 5.5 7.0 4.8 21.0 I 5.6 
818 I Rotation Manure + lime 1.20 13.7 0.43 6.3 2.2 6.3 28.3 5.1 30.0 I 6.2 
820 I Clover I Crop residues + lime 0.60 14.9 0.42 6.8 2.7 6.7 22.1 4.9 30.2 I 6.1 
822 I ! Check 0.62 15.9 I 0.38 5.5 1.7 5.4 8.4 4.4 23.5 I 5.5 
I I Bu. 
823 I Three-year I Check 47.5 14.4 1.59 5.1 4.3 5.2 8.1 4.4 19.9 4.8 
824 I Rotation I Manure + lime 73.8 16.7 1.60 6.2 4.1 6.2 23.8 4.9 31.1 5.9 
826 I Corn Crop residues + lime 50.0 13.2 1.26 6.6 3.0 6.6 21.7 4.8 31.2 6.3 
828 I Check 47.5 14.0 1.45 5.8 4.2 6.1 13.9 4.7 26.4 5.8 
I I Tons 
1000 I Five-year Check 1.05 16.9 0.42 5.5 1.3 5.4 6.6 4.4 23.9 5.2 
1001 I Rotation I Manure 1.35 15.9 0.42 5.5 1.9 5.9 8.6 4.4 21.7 5.0 
1002 I Clover I Manure + lime 1.45 15.2 0.45 6.4 2.4 6.4 19.0 4.7 26.6 5.2 
1005 I I Check 1.00 16.6 0.46 5.6 1.6 5.5 9.6 4.5 20.9 5.1 
I I Bu. 
1013 I Five-year Manure 54.4 11.1 0.45 5.6 2.6 5.7 11.8 4.7 23.9 5.4 
1014 ! Rotation I Manure + lime 51.6 11.2 0.53 6.2 2.8 6.8 24.3 4.8 33.4 6.7 
1017 I Oats I Check 44.4 12.0 0.44 5.6 2.3 5.3 10.6 4.9 22.7 5.3 
1019 I Crop residues + lime 56.9 12.3 0.56 6.9 2.3 6.6 30.9 5.2 30.9 6.4 
~ 
00 
<:''' 
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three-year rotation corn plots had the greatest nitrifying power 
when measured by this method. In the case of the soil from 
the other plots. this method showed very little differences be-
tween the soils under the various' rotation and cropplllg systems 
and little variation between the soils receiving the different soil 
treatments. When ammonium sulfate was used without lime 
in the tests, the soil~ which had been limed in the field showed 
the highest nitrifying power, and the soils receiving manure 
in the field had practically the same nitrifying power as those 
which were not treated in the field. When ammonium sulfate 
was used with lime in the tests it was shown that the soils which 
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had been limed in the field had the greatest nitrifying power, 
and also that manure did not increase the nitrifying power of 
Carrington loam. 
DISCUSSION OF THE CURVES 
'fhe data presented in table V have been used for the plotting 
of the curves found in figs. 1, 2 and 3. 'fhese graphs were made 
so that correlations between crop yields, moisture, reaction of 
the soils before and after incubation, and the, nitrifying power 
of the soils obtained from the three methods could be more 
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Fig. 3. Showing the correlation between yields, moisture, reaction of soils before 
and after incubation, and the nitrifying power of the soils with ammonium sulfate in 
the presence of calcium carbonate. 
easily studied. The curves showing the crop yields and the per-
cent moisture are, of course, platted similarly in each figure. 
Fig. 1 shows the correlations between yields, moisture, reaction 
of the soils before and after incubation and the nitrifying power 
of the soils as measured by the nitrification of the soils' own 
nitrogen. The differences in moisture content found in the soils 
from the different plots in the various rotations apparently 
were not great enough to be a controlling factor for the pro-
duction of corn, clover and oats, since only in two cases were the 
highest yields of crops obtained on those plots having the high-
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est perccnt of moisture. 'l'hus it may be said that the amount 
of moisture in these soils did not correlate with crop yields. 
Only in one case did the amount of nitrates formed from the 
nitrification of the soils' own nitrogen correlate with the crop 
yields, and that was with the soils from the five-year rotation 
clover plots. In all five series of plots, the reaction of the soils 
at the time of sampling was very nearly the same as it was after 
incubation. This, however, was to be expected since the pro-
duction of nitric nitrogen in these soils was very slight. The 
reaction of these soils evidently did not have much to do with 
the production of nitrates from the nitrogen already present. 
However, in the case of the two series of clover plots, the great-
est amount of nitrates was found in those soils showing the 
smallest amount of acidity. But the differences in the nitrify-
ing power of these soils as shown by this method were not large 
enough to yield very significant information concerning the soils 
and their crop producing power. 
The curves in fig. 2 show the correlations between the crop 
yields, moisture, reaction of the soils before and after incuba-
tion, and the nitrifying power of the soils as measured by the 
nitrification test using ammonium sulfate. In every case the 
greatest crop yields were obtained on those soils which showed 
the highest nitrifying power. The soils having the highest nitri-
fying power had the lowest pH after incubation. In fact with 
but few exceptions the general direction of the curve repre-
senting nitrate production followed that of the curve showing 
the pH after incubation. Thus by this method the nitrifying 
power of the Carrington loam and the reaction after incubation 
correlated' almost perfectly with the crop yields. In three out 
of five cases the reaction of the soils at the time of sampling 
correlated with the crop yields and the nitrifying power of the 
soils. 'fhe curves showing the pH after incubation did not 
necessarily correlate with the curves showing the pH at the time 
of sampling, altho in the case of the soils from the five-year ro-
tation clover plots there was an exact correlation between these 
two curves. 
When the curves in fig. 3 are examined showing the correla-
tions between crop yields, moisture, reaction of the soils before 
and after incubation, and the nitrifying power of the soils as 
measured by the nitrification of ammonium sulfate in the pres-
ence of calcium carbonate, it may be observed that the soils 
which produce the highest yields also showed a high nitrifying 
power but not necessarily the highest nitrifying power. In all 
cases the soils from the plots which had been limed.in the field 
showed the greatest nitrifying power, and consequently there 
was a definite correlation between the reaction of the soils and 
their nitrifying power. The cnrves showing the soil reaction 
2!)0 
after incubation corresponded very closely with those repre-
sClIting the pH at the time of sampling except in the case of 
the soils from the five-year rotation clover plots. Thus in the 
majority of cases the 210 mgs. of calcium carbonate which was 
added with the ammonium sulfate in the tests was almost 
sufficient to neutralize all of the acids produced in the oxida-
tion of the ammonia to nitrates. 
When a comparison is made between the curves in figs. 2 and 
3, in may be noted that more perfect correlations were obtained 
between the nitrifying power of the soils and crop yields when 
the tests of the former were made using ammonium sulfate with-
out calcium carbonate. The nitrifying power of all of the soils 
was indicated to be greater, however, when lime was used with 
ammonium sulfate in the tests. The curves in fig. 2 show that 
when lime was applied to these soils in the field, the soil's nitrify-
ing power in both series of the three-year rotation and of the 
five-year rotation oat series was greater than that in the soils 
of the continuous corn series. This was not true, however, in the 
unlimed plots. The curves in fig. 3 show that with the limed. 
plots the nitrifying power of the soils of the continuous corn 
series was almost as high as that of the soils in both the three-
year and five-year rotation oat series. In this study, therefore, 
the rotation of crops did. not seem to influence greatly the nitr'i-
fying power of the limed soils, nor even those soils which re-
ceived manure or no soil treatment. 
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